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ABSTRACT 

The effect of die attach voiding on the thermal 

resistance of a hybrid integrated circuit package has been 

investigated. Voids with precisely controlled geometry, 

morphology, distribution, and different volume percentages 

are fabricated in the backside of the silicon chips by modern 

micro-photolithographic techniques. A large thin film 

resistor over the entire chip surface area served as a 

uniform heat generating source. A TO-3 steel package with 

beryllia substrate is used for chip packaging. 

Correlation of thermal resistance to power dissipa

tion in the range studied is presented and discussed. The 

dependence of thermal resistance on void characteristics and 

total void area are demonstrated through infrared mapping of 

chip surface temperature; and the correlations are qualita

tively analyzed. A brief discussion on die bond void 

reduction is also given. 
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CHAPTER 1 

INTRODUCTION 

Effective heat dissipation becomes increasingly 

important due to rapid increases in device complexity and 

chip size. Higher functional density at the device level 

results in higher heat generation, while the concomitant 

increase in chip size leads to a higher probability of voids 

concentrated in the materials that bond the chip to the 

substrate or package. The presence of voids in the chip or 

die bond region adversely influences the effective thermal 

conductivity of the bonding materials. During subsequent 

operations and temperature cyclings, the voids may further 

grow and induce cracks that traverse the entire bond region, 

causing chip separation. For satisfactory heat removal, good 

thermal conductivity between the heat-generating chip and the 

substrate sink is essential, and this requires the applica

tion of void-free bonding materials. The importance of good 

heat dissipation is even more evident in hybrid packaging due 

to its long heat flow path, which includes the die, die bond, 

ceramic substrate, substrate bond, and package case. 

Voids are essentially gas pockets within the die bond 

region that were entrapped during the bonding process. The 

resultant pockets may or may not traverse the entire thick
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ness of the bonding medium, i.e. from the chip-bond interface 

to the bond-substrate interface. Voids are primarily caused 

by: (1), entrapped air due to poor wetting and/or adhesion of 

the bond medium to bond members; and (b) evolution of gases 

within certain bond adhesives. The types of common voids 

seen in the chip bonding materials can be roughly categorized 

by their geometries into two groups: (1) small, randomly 

distributed voids; and (2) large, contiguous voids (Maha-

lingam et al., 1984). The detrimental effects of voids on 

thermal resistance depend not only on the percentage of the 

voids present but also on the void size, shape, and their 

distribution in the die bond region. For a fixed percent 

voids, the decrease in effective thermal conduction due to 

large contiguous voids appears to be much greater than due to 

small randomly distributed voids (Mahalingam et al., 1984). 

Fig.l (Mahalingam et al., 1984) shows the change in drain-

source voltage before and after a heat pulse (aVqs) anc^ the 

corresponding junction-to-header thermal resistance of a test 

device as a function of the volume percent of both contiguous 

and random voids in the soft solder die bond region. The 

test devices are attached to metal TO-3 packages. Note that 

thermal resistance is inversely proportional to thermal 

conductivity, which will be discussed further in Chapter 4. 

The significance of void contributions to thermal resistance 

are readily observed through the trends of data bands. 
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Fig. 1. Changes in drain-source voltage and junction-to-header thermal resist
ance (Qjh) °f TO-3 metal packages with soft solder die attach as a 
function of the volume percent of both random and contiguous voids 
(from Mahalingam et al., 1984). 
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However, the actual relationships of both types of voids to 

thermal resistance are not precise or clearly displayed due 

to the tremendous scatter in the data. The authors attribute 

the scatter to variations in void morphology and distribu

tion. If this assertion is correct, then tighter control of 

such void characteristics should permit a more precise, and 

much needed correlation between thermal resistance and voids. 

Data of this kind are of great importance in assessing and 

improving the performance and reliability of devices. 

Voids have also been classified as "cold" and "hot," 

depending on their impact on thermal as well as electrical 

resistance (Carlson et al., 1983) . The classification is 

principally a function of void location. For hot voids, 

thermal but not electrical conduction is impeded and hot 

spots form above the voids. For cold voids, both the thermal 

and electrical conductions are impeded above the voids. 

There are no hot spots in cold voids, but the current con

ducting area is limited and the voltage drop increased 

(Carlson et al., 1983). 

Hence, for the study of void contribution to the 

thermal performance of the die bond and, in turn, the total 

packaged device, accurate quantitative correlations are 

required. The purpose of this study is to develop such 

correlations for a relevant hybrid circuit die bond system. 

In the study by Carlson et al. (1983), artificial voids were 
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patterned in the solder layer between a silicon diode chip 

and a copper base plate by attaching copper straps of known 

dimensions within the layer in order to simulate cold and hot 

voids. However, only one void concentration was studied, and 

the principal objective was to study "hot" versus "cold" void 

characteristics. In this study, a wide range of void concen

trations are fabricated in the backside of the chip with 

exact geometry and distribution by photolithographic 

processes. A large single thin film resistor over the front 

surface of the chip is used as the heat generating source 

since it dissipates heat uniformly over the entire chip 

surface area. Due to the trend of increasing chip size in 

the semiconductor industry, a large chip having the dimen

sions .235" x .245" x 0.015" was chosen for the study. The 

chip is first mounted on a beryllia substrate with a solder 

paste, and the substrate is then soldered onto a nickel-

plated cold-rolled steel TO-3 header. 

The description and discussion of this study are 

presented in the following sequence: the experimental appa

ratus, materials and procedure are described in Chapter 2. 

Results of the various experiments are presented in Chapter 

3, followed by a discussion of the significance of the 

principle results in Chapter 4. The salient conclusions are 

briefly summarized in Chapter 5. 



CHAPTER 2 

EXPERIMENTAL PROCEDURES 

The primary experimental tasks of this study were: 

(1) monitoring device design, (2) device fabrication, (3) 

device packaging, and (4) infrared thermal resistance 

measurements. The apparatus, materials and experimental 

procedures used in executing these tasks are described in 

this chapter. 

2.1 Monitoring Device 

A large, uniform heat generating source was essential 

for simulating the dependence of the thermal resistance of 

high power dissipating VLSI circuits on die bond voids. The 

monitoring device used for this investigation was virtually a 

large single thin-film resistor, .230" x .230" in size, 

fabricated on a .235" x .245" x .015" thick silicon chip. 

Uniform heat dissipation is effected by varying the voltage 

across two terminals at the ends of the resistor. The 

nominal value of the resistor is about 350 ohms. 

Both random and contiguous voids of known percentages 

are patterned in the backsides of the resistor chips through 

photolithography. The voids are created by etching patterns 

of desired geometry to a depth of about 5 mils into the 

6 
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silicon with a KOH solution. A schematic drawing of the 

monitoring device is shown in Fig. 2, and the percentages of 

voids used for this study are shown in Table 1. A control 

device having 0% voids is used as a standard of comparison. 

Schematic drawings of both random and contiguous void 

patterns are presented in Figs. 10 and 11 of Chapter 3. The 

fabrication process of the chips is described in the next 

section. 

2.2 Device Fabrication 

The starting material is N-type, <100>, 3-inch in 

diameter, double-side polished silicon wafers. The thickness 

of the wafers is 0.0150 + 0.0005 inches. The maximum 

thickness variation across any wafer is 0.0001 inch. 

Thick steam oxide of about 13,500 A is first grown on 

both sides of the wafer. The backside of the wafer is then 

patterned with the void mask while the front surface is 

protected by paint-on, high viscosity resist during oxide 

etching. After the resist is stripped, the wafers are 

subjected to the KOH solution and etched anisotropically to 

form void cavities of about 5 mil in depth. All oxides are 

subsequently stripped in a straight HF solution and regrown 

to a thickness of about 1,100 & + 15 A in a dry oxygen 

ambient. Resistors are fabricated on the front sides of the 

wafers in the following sequences: (1) NiCr thin film depo

sition and NiCr photolithography, (2) aluminum deposition and 



Fig. 2. Schematic drawing of the monitoring device. 
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Table 1. Void characteristics. 

Group Individual Number Void % Void Areas 
Void Size of Voids Configuration 

R1 0.021" sq. 25 Random 19.15 

R2 0.029" sg. 25 Random 36.52 

R3 0.036" sq. 25 Random 56.27 

R4 0.041" sq. 25 Random 72.99 

CO — 0 - - 0.00 

CI 0.103" sq. 1 Contiguous 18.43 

C2 0.146" sq. 1 Contiguous 37.02 

C3 0.178" sq. 1 Contiguous 55.03 

C4 0.206" sg. 1 Contiguous 73.71 
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aluminum photolithography, (3) heat treatment to stabilize 

and to raise the resistor values up to the desired ranges, 

and (4) passivation deposition of about 5000 & of low 

temperature oxides on the front surfaces, annealing, and 

passivation photolithography. Finally, the backside of the 

wafers are deposited with Cr-Ag. The details of the fabri

cation procedures are described in Appendix A. 

Due to the photomask designs, each processed wafer 

provides 8 dice of each group-of #Rl, R2, R3, R4, CI, C2, 

C3, and C4 chips {see Table 1). Groups of #C0 dice are 

processed from a wafer without using the backside void mask. 

2.3 Die Packaging 

Wafers are diced into individual chips by automatic 

sawing equipment. The chip is then mounted onto a bond pad 

of solder paste (88Pb-10Sn-2 Ag) that had been screen printed 

to a thickness about 2 mil on a beryllia (BeO} substrate. 

The die bond peak temperature and the cycle time are 315 °C 

and 15 minutes, respectively. The beryllia substrate is, in 

turn, soldered onto a nickel-plated cold-rolled steel TO-3 

package. A cross-sectional schematic and a photograph of an 

assembled die are shown in Figs. 3 and 4, respectively. The 

details of the package assembly procedures are described in 

Appendix B. Aluminum wires of 1 mil in diameter are ultra-

sonically bonded from the resistor I/O pads to the package 

leads. The packages are then ready for testing. 
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Fig. 3. A cross-sectional schematic of an assembled die. 
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Fig. 4. Photograph of an assembled die. 
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2.4 Thermal Measurement Technique 

The surface temperatures and temperature distribution 

of powered chip resistors with controlled backside voids are 

monitored with a Barnes' CompuTherm thermal imaging system. 

It uses an InSb solid state detector that automatically scans 

and computes the emissivity over the target, and thereby pro

duces a true temperature distribution image of the surface. 

From ambient to 200 °C, it has a spatial resolution of 15 

microns and a temperature resolution of 0.1 °C or better. By 

comparing with void-free control chips, the thermal resist

ance due to void contributions can be readily determined. 

A photograph of the measurement setup is shown in 

Fig. 5a. The package is mounted on a black, anodized alumi

num heat-sink of 1.875" x 1.750" x 0 .500" in size with lead 

sockets. A schematic of the heat-sink is shown in Fig. 5b. 

A power supply is connected to the resistors through external 

connections of the heat-sink. The power used for most 

experiments was 7.5 watts. Variations in power levels were 

also investigated. The value of the resistor was first 

measured, and the voltage required to yield the desired power 

was then provided. Steady state temperatures were reached 

within about 10 minutes, and measurements could then be 

taken. 

Thermal resistance between the thermal generating 

junction of the chip, namely the resistor, and the package 



Fig. 5. The testing equipment. 

a. Photograph of the measurement setup. 

b. Schematic drawing of the heat-sink. 



5a. Photograph of the measurement setup. 
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case (0jc) is determined according to the following equation 

(Andrews et al., 1981): 

0jc = (Tj - Tc)/Pd (1) 

where 

Tj = junction temperature measured with Barnes' 

CompuTherm 

Tc = case temperature measured with a thermocouple 

inserted at the bottom of the package in the 

heat-sink 

Pd = power dissipation calculated with measured 

resistance (R) and current (I) 

For consistency, the junction temperature of the 

device is determined by the average temperature within the 

central area of the chip. The size of the area is 0.043" x 

0.043", which is slightly larger than the largest random void 

size. Temperature profiles of a die are obtained across the 

void regions and grid areas at fixed locations for random 

void conditions. For contiguous void conditions, similar 

profiles are also obtained at the center and near the edge of 

the void. 



CHAPTER 3 

EXPERIMENTAL RESULTS 

The major experimental results presented in this 

chapter include the correlation of thermal resistance to 

dissipated power, the thermal resistance dependence on void 

concentration, and the thermal resistance dependence on void 

perimeter. 

The correlation of thermal resistance to dissipated 

power is determined from data for dice with selected percent

age of both random and contiguous voids over a power dissipa

tion range of interest. The effect of void concentration on 

thermal resistance is gleaned from thermal resistance meas

urements and infrared micrographs of surface temperature. 

The void perimeter dependence is extracted from designed void 

dimensions and their corresponding thermal resistance data. 

3.1 Correlation of Thermal Resistance (8jc) 
to Power Dissipation (Pd) 

Two void configurations were selected for the study 

of thermal resistance on power dependence, i.e., R3 and C3 

(see Table 1). The results are shown in Table 2 and plotted 

in Fig. 6. In the range of about 5 watt and 9 watt, the 

thermal resistance of the packages is essentially independent 

of the power dissipated. 

17 
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Table 2. Thermal resistances (0jc) of R3 and C3 with various 
power dissipations. 

Package No. Tavg (°C) Tc (°C) P (watt) ©jc (°C/watt) 

R3 39.7 30.6 4.97 1.84 

R3 46.2 34.2 6.21 1.93 

R3 46.7 31.7 7.52 1.94 

R3 59.0 41.8 8.90 1.93 

C3 45.8 28.7 5.03 3.40 

C3 47.3 27.0 6.26 3.24 

C3 45.9 22.3 7.50 3.15 

C3 58.4 29.5 8.87 3.25 
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3.2 Thermal Resistance (9jc) 
versus Void Concentration 

3.2.1 0jc Measurements 

The thermal resistance of packaged devices with both 

random or contiguous die bond voids of various concentra

tions are shown in Table 3 and plotted in Fig. 7. The 0jc 

values were determined from the average temperature within 

the central area of the die. A fixed power of 7.5 watt was 

applied to all of the packages. From Fig. 7, it is clearly 

seen that increasing the percent die bond voids results in 

increasing thermal resistance from junction to case. The 

increases in thermal resistance of both random and contiguous 

voids are small for void concentrations below about 20%. For 

random voids, the increase in thermal resistance with void 

concentration is linear over the range studied. In case of 

contiguous voids, however, the thermal resistance increases 

somewhat exponentially with increasing percent voids. The 

contribution of contiguous voids at high void concentrations 

to thermal resistance is much greater than that of random 

voids with the same total void area. 

The 0jc values measured using the maximum temperature 

of a die are also given in Table 4 and plotted in Fig. 7. It 

shows that 0jc can be calculated with either the average 

temperature within the central area or the maximum tempera

ture on the chip without significant difference. 
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Table 3. Thermal resistances (9jc) of packages with both 
random and contiguous voids of various concen
trations. 

Group % Void Tavg (°C) Tc (°C) P (watt) 9jc (°C/watt) 

R1 19.47 30.5 18.7 7.45 1.58 

R2 37.13 35.3 22.6 7.47 1.70 

R3 57.22 46.3 31.7 7.52 1.94 

R4 74.22 39.1 24. 1 7.41 2.02 

CO 0.00 38.3 26.6 7.52 1.55 

CI 18.74 40.3 27.0 7.86 1.70 

C2 37.65 43.7 24.1 7.56 2.59 

C3 55.96 45.9 22.3 7.50 3.15 

C4 74.95 72.3 24.6 7.46 6.39 
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Table 4. Thermal resistances (0jc) calculated with the 
maximum chip surface temperature at various void 
concentrations. 

Group Tmax (°C) 0jc (°C/watt) 

R1 30.7 1.61 

R2 35.7 1.75 

R3 46.7 1.99 

R4 39.8 2.12 

CO 38.3 1.56 

CI 40.8 1.76 

C2 44.3 2.67 

C3 46.6 3.25 

C4 72.7 6.44 
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3.2.2 Infrared Mapping of 
Surface Temperature 

Figs. 8 and 9 display the infrared micrographs of 

surface temperature maps for Groups Rl, R2, R3, R4, CO, CI, 

C2, C3, and C4. The micrographs display a 16-color 128 x 128 

pixel thermal images having a temperature resolution of 

O.X °C. 

Figure 8 gives the maximum, minimum, and average 

temperatures at the central areas of the chip, defined by the 

two crosshairs of the white and the black cursors. The 

cursors are at the centers of the crosshairs and are denoted 

by the pixel numbers in the parenthesis immediately below the 

cursor number. The numbers under the pixel numbers are the 

temperatures (in °C) at the corresponding cursors. 

The magnification of the lens used is 10X. Due to 

misalignments, the centers of all dice appear to be shifted 

slightly toward the lower right of the screen. In some 

cases, very slight azimuthal error may exist. However, these 

slight deviations from the perfect center have no discernible 

effect on the measurements. 

Figure 9 shows the temperature profiles of each chip 

across the centers of the void and grid (non-void) areas for 

random voids, and the areas near the edges of contiguous 

voids. In the random void group, high temperature profiles 

across the void area are more evident in the R3 and R4 

samples. In the case of the samples in the contiguous group, 



Fig. 8. Infrared micrographs of surface temperature, dis
playing the maximum, minimum, and average tempera
tures at the central areas of the chip. 
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Fig. 9. Infrared micrographs of temperature profiles of the 
chip. 
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a virtually normal distribution of temperature is seen across 

the void. 

3.2.3 Correlation of Infrared 
Image and Void Pattern 

It can be clearly seen that the infrared patterns of 

Figs. 8 and 9 are the result of the morphology and distribu

tion of the voids in the backside of the chips by comparing 

them with the chip void patterns. Schematic drawings of the 

chip void patterns are shown in Figs. 10 and 11. This 

provides direct evidence that the void areas in the backside 

of the chip contribute to the temperature rise on the front 

chip surface. The schematic drawing of the front side of the 

chips has been presented earlier in Fig. 2. 

3.3 Thermal Resistance (9jc) 
versus Void Perimeter 

Table 5 shows the thermal resistance of the chips in 

relation to void perimeter at various void concentrations. 

The data is also plotted in Fig. 12. For similar percent

ages of void areas, it is evident that large perimeters 

result in lower thermal resistances. The thermal resistance 

change for similar void areas, but different void perimeters 

increases with increasing total void area. 



36 

•Kvtf, , 

zsaau.. 

VAjic-! ••*••1 .i!. ' 

•aw* *,c: - i 

•*£3pi 

•t»v • 
fsf- > 
' l" 

H 
rTr.'. ; 
'V , . ic*. • 
&v; ' ' 

1*-' •" 
Wv- • • •• '• 111 1*-' •" 
Wv- • • •• '• 
ir?"T .. 
^v' . 

'rt • » 

c. d. 

Fig. 10. Schematic drawings of random void patterns on the 
backside of the chips. — (a) Rl; (b) R2; (c) R3; 
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c. 

Fig. 11. Schematic drawings < 
the backside of the 
(c) C3; and (d) C4. 

1 

j 
ES 

contiguous void patterns on 
lips. — (a) CI; (b) C2; 
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Table 5. Thermal resistance (0jc) of package with void 
perimeters of various void concentrations. 

Group Void Size No. Voids Total 0jc (°C/watt) 
Perimeter 

(cm) 

R1 0.021" sq. 25 5.33 1.58 

R2 0.029" sq. 25 7.37 1.70 

R3 0.036" sq. 25 9.14 1.94 

R4 0.041" sq. 25 10.41 2.02 

CO — — 1.55 

CI 0.103" sq. 1 1.05 1.70 

C2 0.146" sq. 1 1.48 2.59 

C3 0.178" sq. 1 1.81 3.15 

C4 0.206" sq. 1 2.09 6.39 
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Fig. 12. Thermal resistance (0jc) versus perimeter. 



CHAPTER 4 

DISCUSSION OF RESULTS 

The experimental results presented in Chapter 3 

clearly demonstrate that voids have direct impact on the 

surface temperature and surface temperature gradients of 

powered devices die bonded under typical conditions used in 

hybrid microelectronics. It is also seen that even at the 

lowest concentration of random voids studied, the morphology 

and the distribution of the backside voids transfers readily 

into a temperature gradient map on the front surface with 

nearly identical images. 

These experimental results and other pertinent 

factors are discussed in detail in this chapter. 

4.1 Thermal Resistance (8jc) 
versus Power Dissipation 

The thermal resistance of the samples were relatively 

independent of power dissipation within the range studied, as 

shown in Fig. 6. This indicates that the effect of voids on 

6jc is relatively constant. That is, no extraneous hot spots 

are generated within the chip, nor is any mechanism other 

than conduction evident. If extraneous hot spots were 

generated with increasing power, 0jc should increase. Con

versely, if another heat flow mechanism (such as radiation 

40 
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across the voids) occurred with increasing power, 9jc should 

decrease. 

4.2 Magnitude of Thermal 
Resistance (Ojc) Changes 

From Fig. 7, it is seen that thermal resistance 

increases linearly with percent random voids up to about 7 5%. 

The magnitude of the increase is relatively small, i.e., 

about 30% over the entire range. For the case of contiguous 

voids, however, the thermal resistance increases exponenti

ally with increasing percent voids. The magnitude of the 

increase is about 300% over the same range studied. For a 

single void of about 56% of the area of the chip, the void 

contribution to the total thermal resistance rise exceeds the 

normal hybrid package contribution. 

The non-linearity of thermal resistance increase for 

contiguous voids as contrasted to the linearity of the ther

mal resistance increase for random voids is clearly evident 

in Fig. 7. The phenomena may be qualitatively explained as 

follows: 

1. Spreading resistance contribution. Thermal resist

ance in the silicon chip above a void area is basic

ally composed of two components, namely, a vertical 

resistance from the heat-generating source to the 

region above the void,, 0V, and a lateral spreading 

resistance from this region to the surrounding non-
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voided areas in the silicon chip, © l. The thermal 

resistance is given by 

0 = (2) 
KA 

where AX is the path length for heat flow, A is the 

area normal to the heat flow path, and K is the 

intrinsic thermal conductivity of the chip. For 

chips with random or contiguous voids, the contribu

tion of 0l to the total thermal resistance appears to 

dominate due to its longer heat flow length and 

smaller cross-sectional area as compared to the 

corresponding dimensions in the 0V term. For the 

same percentage of voids, 0l should be greater for 

the contiguous type than the random type due to the 

much larger AX values. The higher thermal resistance 

for contiguous versus random voids was also found in 

the finite difference model analysis results shown in 

Fig. 13 by Mahalingam et al., 1984. The linearity of 

the model results for contiguous voids attests to the 

dominance of the lateral spreading contribution but 

does not explain the nonlinearity of the experimental 

results given in the same reference (see Fig. 1) . 

The nonlinearity is primarily due to the lack of 

temperature corrections on thermal conductivity of 

silicon (Mahalingam, 1987), which is explained below. 
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FINITE DIFFERENCE MODELING DATA COMPARISON 
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Fig. 13. Finite difference modelling results for a single 
contiguous void and many small uniformly distrib
uted random voids in the die bond region (from 
Mahaligam et al., 1984). 
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Thermal Data vs. Void Perimeter 

> 
E, 

<5 

2 3 4 
Void perimeter (cm) 

Pig. 15. Changes in drain-source voltage versus void 
perimeter for fixed void areas (from Mahalingam 
et al., 1984). 
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4.3 Void Morphology and Distribution 

The present results agree very well with the pub

lished .results {Mahalingam et al., 1984) in general, even 

though the device and the package used are not the same. 

Similar trends are readily seen from Figs. 1 and 7. The 

goodness of fit of the data in this study is clearly 

attributable to the precisely controlled void morphology and 

distribution. Figure 16 displays X-ray micrographs of both 

random and contiguous die bond voids from the work of 

Mahalingam et al., 1984. The morphology, the distribution, 

and the size of the voids vary greatly. Therefore, it would 

be extremely difficult to characterize the void types, to 

estimate void concentrations and distribution, and to measure 

the void perimeters in a precise manner. The present study 

clearly demonstrates that tight fit curves of Ojc versus 

percent voids are only achievable through well controlled 

void concentration, morphology, and distribution. 

4.4 "Cold" versus "Hot" Voids 

Voids have also been classified as "cold" and "hot" 

by their thermal and electrical characteristics (from Carlson 

et al., 1983). Figures 17 and 18 (from Carlson et al., 1983) 

show the schematic drawings of current and heat flow paths of 

packaged die with "cold" and "hot" die bond voids, respec

tively. For "cold" voids, neither current nor heat flows in 

the area above the void. With reduced current flow, the 



a. b. 

Fig. 16. X-ray micrographs of die bond voids (from Mahalinoam et al., 1984). 
— (a) Random; and (b) Contiguous. 
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Pig. 17. Schematic drawings of current and heat flow paths 
of packaged die with "cold" die bond voids (from 
Carlson et al., 1983). (a) Void locations in 
solder layer? and <b) Current and heat flow paths. 
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Fig. 18. Schematic drawings of current and heat flow paths 
of packaged die with "hot" die bond voids (from 
Carlson et al.f 1983). — (a) Void locations in 
solder layer; and (b) Current and heat flow paths. 
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power dissipation is also reduced above the "cold" void, 

hence the tendency of introducing hot temperature spots is 

low. In fact, due to reduced current above the cold void, 

the rest of the chip area must have a larger current to 

obtain the same total current as the void-free case. Thus, 

the temperature at the "cold" void would be lower than the 

non-void surrounding areas. 

In the case of "hot" voids, heat flow is restricted 

to the non-void areas; thus the tendency for introducing hot 

temperature spot above the void is greatly enhanced (Carlson 

et al., 1983). In this study, voids are simulated by cavi

ties etched in the silicon chips. Although heat generation 

is not by current flow through the chip, the voids do, in 

essence, resemble the "hot" void condition described by 

Carlson et al. (1983). Indeed, high temperature spots are 

clearly evident from the infrared micrographs of both random 

and contiguous voids. 

4.5 Die Bond Void Reduction 

The detrimental effects of die bond voids have been 

simulated. The importance of reducing or even eliminating 

such voids in solder die bond materials cannot be overstated. 

However, to the best of the author's knowledge, there are 

currently no reliable or feasible manufacturing techniques 

for eliminating them. h technique which greatly reduce die 

bond voids has been described (Bascom and Bitner, 1975) by 
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using vacuum bonding and returning to atmospheric pressure 

while the solder was molten. Unfortunately, this approach 

lacks the simplicity required for high volume manufacturing. 

It .is doubtful that there is any single cure for the problem 

due to its immense complexity. 

Although the purpose of this study was to demonstrate 

the importance of voids, several factors have been found to 

be significant in reducing their effect. They are: (1) 

bonding surface quality, such as surface cleanliness, flat

ness, and bondability; (2) solder selection; {3) bonding 

temperature; and (4) bonding atmosphere. 



CHAPTER 5 

CONCLUSION 

The contributions of both random and contiguous voids 

in the die bond material to the thermal resistance of a 

powered hybrid package have been studied. The power dissipa

tion dependence of both random and contiguous voids on 

thermal resistance is negligible in the range of about 5 to 9 

watts. This indicates that the effect of voids on 0jc is 

relatively constant. That is, no extraneous hot spots are 

generated within the chip, nor is any mechanism other than 

conduction evident. Thermal resistance increases with 

percent random voids are linear and relatively small in the 

range 0 to 75%. Thermal resistances increase exponentially 

with percent contiguous voids; however, over the same range, 

the increase was also significantly higher (i.e., about a 

factor of 10) . 

The correlation of void perimeter with thermal resis

tance shows that large perimeters result in lower thermal 

resistance for equivalent percentages of void area. The 

perimeter dependence on thermal resistance is also greater 

for larger void concentrations. 

Tight fit curves of 0jc versus percent voids are 

achievable only through well controlled void concentration, 
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morphology, and distribution, as demonstrated by this 

investigation. Moreover, the precise correlation of thermal 

resistance to void concentration provides data of great 

importance in assessing and improving the performance and 

reliability of devices. 



APPENDIX A 

DEVICE FABRICATION PROCEDURES 

1. Backside steam oxide growth of about 13,500 A in 

thickness. The oxidation cycle: 

30 min. ramp up in N2-O2 from 850 °C to 1150 °C 

+ 5 min. in H2-O2 at 1150 °C + 194 min. in 

H2-O2-HCI at 1150 °C + 5 min. in O2 at 1150 °C 

+ 5 min. in N2 at 1150 °C + 60 min. ramp down in 

N2 from 1150 °C to 850 °C. 

2. Backside void pattern photolithography. The backside 

oxide was first patterned with void mask by negative 

resist spun coated at 2000 rpm. The resist thickness 

was about 12,000 A. After development, the front 

surface was coated with thick, high viscosity resist, 

followed by hardening with ultra-violet (UV) light 

exposure and a pre-etch bake at 160 °c for 30 min., 

wafers were then immersed into H20:HF/10:1 at 40 °C 

for about 10 min. to pattern the backside oxide while 

leaving the front oxide intact. The resist was 

subsequently stripped off in a H2SO4-H2O2 mixture. 

3. Anisotropic etching of patterned voids* Wafers were 

subjected to KOH solution, an anisotropic etchant, 
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for 2 hours at 80 °C in a quartz tank with constant 

stirring. The concentration of the solution was 

.about 5 0% by weight, and the etch rate was about 1 

micron per min. at the temperature. This etched the 

<100> silicon to a depth of about 5 mil after 2 

hours. The actual depth was further verified by 

photographing the cavity, measuring the projecting 

distance between the surface edge and the cavity 

edge, and calculating with the known angle, 54.7°, 

between the <100> and <111> directions of silicon. 

After the anisotropic etching, the protecting oxide 

thickness reduced from the original 13,500 A to about 

7 ,000 A. The oxide was subsequently stripped in a 

concentrated HF solution. 

O 
Regrowth of front oxide of about 1,100 A. A dense 

dry thermal oxide was grown on the front side of the 

wafer for resistor isolation. The oxidation was done 

in dry oxygen ambient for 40 min. at 900 °C. 

NiCr thin film resistor deposition and photolitho

graphy . Wafers were first received a H2SO4-H2O2 

clean before the deposition. NiCr thin film was 

deposited on the front surface of the wafer by 

sputtering process. Due to the backside cavities, 

the vacuum chucks in the photoprocessing equipment 

would not hold the wafers in position. An acid 
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resistant film, Cellotape (see reference), must be 

cut in shape and taped on the backside of the wafer 

.before processing. NiCr thin film resistor was then 

etched to its geometry through a positive resist pro

cess. The etching solution contains 500 gm of cerium 

sulfate dissolved in 4680 ml of deionized (DI) H2O 

and 2520 ml of nitric acid. The etch time was about 

45 seconds at room temperature. After the NiCr etch, 

wafers were dipped into HC1:H20/1:3 solution for 10 

seconds to avoid resistor fogging. The Cellotape was 

removed by carefully peeling it off from the wafer 

with a pair of tweezer. Finally, the photoresist was 

stripped off in an organic stripper, nophenol, to 

avoid corroding the resistor. 

6. Aluminum deposition and photolithography. Aluminum 

thin film was also deposited by sputtering process to 

a thickness of about 1.1 micron. The photoprocessing 

sequence was similar to NiCr process except that the 

negative photoresist was used. The aluminum etching 

solution contains a mixture of phosphorous acid, 

deionized (DI) H2O, nitric acid, and acetic acid in 

the ratio of 16, 2, 1, and 1, respectively. The etch 

time was about 5 min. at 40 °C. 



7. Heat treatment of wafers in N9-O7 ambient at 510 °C 

for about 6 min. to stabilize and to raise the resis

tor values to about 350 ohms. 

8. Deposition of low pressure, low-temperature-oxide 

(LTO) passivation layer. The deposition was per

formed in a SiH4:C>2 (1:2) gas mixture at 430 °C for 

about 50 min. in addition to a total about 40 min. of 

warm up and pump down times. The wafers were loaded 

back-to-back to avoid backside deposition. The 

thickness on the front side of the wafer was about 

5000 A. 

9. Annealing in forming gas at 450 "C for about 30 min. 

to improve adhesion and integrity. 

10. Passivation photolithography. The photo process was 

similar to both NiCr and aluminum described previ

ously, and negative photoresist was used. Cellotape 

was removed before etching so the backside of the 

wafers would clear of any oxide. The passivation 

etching solution contains a mixture of 9570 ml of Pad 

Etch (33% acetic acid, 13.65% NH4F-DI H2O), 1520 ml 

of acetic acid, and 1270 ml of ethylene glycol. The 

etch time was about 320 seconds at room temperature. 

11. Cr-Ag deposition. The backsides of the wafers were 

first cleaned in HF fume for 1 min. to remove any 

oxide left in the bare silicon regions immediately 
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before the deposition. The deposition was done in a 

dual electron-beam gun chamber in the following 

sequence: Cr evaporation to a thickness of about 

500 A, Cr-Ag coevaporation to a thickness of about 

4,500 A, and Ag evaporation to a thickness of about 

15,000 A.  

Dicing. Individual dice were separated by automatic 

sawing. The saw blade width was 2 mil. 



APPENDIX B 

DIE PACKAGING PROCEDURES 

1. BeO substrate preparation. BeO disc of 1/16 inches 

in thickness and 11/16 inches in diameter was first 

screened on with conductive thick films {i.e. Ag) on 

both sides, etched to a desired pattern, and fired in 

nitrogen ambient at 850 °C for 1 hour to form close 

bonds. The nominal thickness of the film after 

firing was about 15 microns. 

Solder paste of 10Sn-88Pb-2Ag, about 2 mil in 

thickness, was applied to the backside of the sub

strate, dried, screened on the front pad, and ready 

for the die mounting. 

2. Die mounting. Die was placed on the solder pad of 

the substrate, which was in turn placed on a nickel-

plated cold-rolled steel TO-3 header and fired 

through a belt-driven, nitrogen ambient solder 

furnace. The total cycle time was about 15 min. , 

with a peak temperature at 315 °C. After cooling, 

the package was cleaned in 1,1,1-trichloroethane 

(TCA) ultrasonically for about 15 min. to remove any 

residual flux. 
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Wire bonding. Aluminum wire of 1 mil in diameter was 

ultrasonially bonded to the resistor pads and the 

package leads. The package was then ready for test

ing . 
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